The aim of the study was to explore a cesarean delivery rate (CDR) beyond which major neonatal and maternal morbidities may outweigh the benefits of the procedure itself. A retrospective population-based cohort study was conducted at a single university teaching hospital between 1993 and 2012. Pregnant women who delivered at a gestational age of 23 weeks or more were included. Data including delivery mode, brachial plexus injury (BPI), neonatal encephalopathy (NE), placenta accreta (PA), blood transfusion (BT), and cesarean hysterectomy (CH) for each year were extracted, plotted, and trends analyzed. The Cochran-Armitage Trend Test was used to identify trends and correlations. Overall, 83,806 deliveries took place during this period. CDR increased from 10.9% to 21.7% (p < 0.001). Significant decreases in the incidence of BPI (p < 0.001) and NE (p = 0.006) were observed. At CDRs of 13.6% and 20%, there was no further significant decrease in the incidence of BPI and NE, respectively. The incidence of BT increased significantly (p < 0.001) while the increase in the incidence of PA was not significant (p = 0.06) nor the change in the incidence of CH (p = 0.4). A CDR of 20% may still confirm additional beneficial effect on major perinatal morbidities without a significant increase in the incidence of PA.
1
. Over the last decades, the incidence of cesarean deliveries both primary and repeated has risen dramatically 2 . This rise also has to do with the rising maternal age, the reduction of number of children per family in the so called "first world", and maternal request for cesarean delivery. Nevertheless, the impact of this dramatic rise on neonatal morbidity and mortality, or maternal health is still challenged 3 . Several studies have documented an increased incidence of placenta previa and placenta accreta as a result, and an incidence of 1% of hysterectomy among women who undergo multiple cesarean deliveries most likely as a result of abnormal placentation 3, 4 . While cesarean delivery is designated to prevent or treat life-threatening maternal or perinatal complications 5 , an appropriate rate of use should be one associated with the lowest reasonable level of maternal and perinatal morbidity and mortality.
The appropriate overall rate of cesarean delivery is not easily determined as it varies according to multiple factors and populations. The most known recommended figure is the 15% upper limit suggested by the World Health Organization (WHO) in 1985 6 , with some evidence indicating that rates above 15% are not associated with additional reduction in maternal or neonatal mortality and morbidity 7 . Appropriate cesarean delivery rates should be determined through an outcome-based approach. A properly powered observational study that would provide such data requires thousands of women, given the relatively low incidence of major perinatal and maternal morbidity and mortality that are related to the mode of delivery.
In this study we aimed to determine the trend of overall cesarean delivery rate at a single university teaching hospital during the last two decades and to explore a cesarean delivery rate beyond which major neonatal and maternal morbidities may outweigh the benefits of the procedure itself.
Results
Overall 83,806 deliveries took place during the study period and all were included.
Demographic and obstetric characteristics of women included are presented in Table 1 . An increase in the incidence of diabetes was observed during the study period (p < 0.001). Other demographic variables did not change significantly over time.
During the study period, the overall cesarean delivery rate increased from 10.9% in 1993 to a maximum rate of 21.7% (p < 0.001) as seen in Table 2 . Additionally the trend of both elective and non-elective cesarean deliveries changed significantly (p < 0.001) during the study period as seen in this Table. At the same time, the incidence of brachial plexus injury dropped significantly (p < 0.001) from 4.3 cases per 1000 deliveries in 1993 to 1 per 1000 deliveries within the last 3 years (Table 2 and Fig. 1 ). At a cesarean delivery rate of 13.6% there was no further significant decrease in the incidence of brachial plexus injury (Fig. 1) . Below this cutoff, the incidence of brachial plexus injury was 3.76 times greater compared to the period with a cesarean delivery rate above this cutoff (OR 3.76; 95% CI 2.71-5.16).
The incidence of neonatal encephalopathy dropped significantly (p = 0.006) from 1.5 cases in 1993 to less than 0.2 per 1000 deliveries within the last 3 years (Table 2 and Fig. 1 ). There was no further significant decrease in the incidence of neonatal encephalopathy at a cesarean delivery rate of 20% or more (Fig. 1) .
The increase in the cesarean delivery rate was accompanied with an increase in the incidence of placenta accreta, although the trend up to a maximum cesarean delivery rate of 21.7% was not significant (p = 0.06) (Fig. 2) . There was no significant change in the incidence of cesarean hysterectomy (p = 0.4). Although the increase in the cesarean hysterectomy rate performed due to placenta accreta was not significant (p = 0.06), there was a significant decrease in the rate of hysterectomies performed due to other reasons (p = 0.02) (Fig. 3) . Additionally, a significant increase in the incidence of blood transfusion was observed during the study period (p < 0.001). This trend in the blood transfusion rate was sustained as the cesarean delivery rate increased (Fig. 4) .
Multivariate logistic regression analysis was used to estimate the odds for brachial plexus injury during the study period adjusting for maternal age, diabetes, mode of delivery, year of birth, number of fetuses, and maternal country of birth. For every additional year, from 1993 to 2012, a mean reduction of 12% in the incidence of brachial plexus injury was observed (OR 0.89; 95% CI 0.87-0.92). Using 
Discussion
The overall cesarean delivery rate at a single university teaching hospital doubled within the last two decades. At the same time, the incidence of major neonatal morbidities declined by a factor of 3 to 5 times. No further reduction in neonatal morbidities was observed at a cesarean delivery rate of 20% or more. The rate of blood transfusion increased continuously during the study period. The incidence of placenta accreta and cesarean hysterectomies performed due to placenta accreta did not increase significantly. Caesarean delivery is an invasive intervention performed to prevent or treat life-threatening maternal or perinatal complications 7 . Ananth et al. reported that between 1990 and 2004 a temporal increase in preterm cesarean delivery rate was found among preterm gestations in the United States. This increase was associated with improved perinatal survival mainly due to dramatic incremental declines in stillbirths 8 . Landon et al. compared maternal and perinatal outcome among women who had a trial of labor after a previous cesarean or elective repeated cesarean delivery. The frequency of hysterectomy and maternal death did not differ between the groups. However, the incidence of encephalopathy was significantly lower among infants whose mothers underwent elective repeated cesarean delivery, although the absolute risk was small (0.46 per 1000) 9 . The results of the current study provide comparable evidence for the potential benefit in reducing the incidence of major neonatal morbidities. Still, this intervention may have major implications on a woman's health in the present pregnancy, potential future morbidity in subsequent pregnancies, including abnormal placentation, and significant cost implications for the health care providers 10 . The increased incidence of blood transfusion observed during the study period confirms the recent increased trend observed in many other developed countries [11] [12] [13] [14] [15] . However, the increase in cesarean delivery rate over time and the increase in the rate of placenta accreta account for only a small fraction of this rise according to several reports 14, 15 . Additionally, previous reports were unable to explain the temporal trend in severe postpartum hemorrhage despite their inclusion of a large number of potential risk factors 14, 15 .
The appropriate cesarean delivery rate should be associated with the lowest reasonable maternal and perinatal morbidity and mortality 5 . Nevertheless, in the last decades the cesarean delivery rate has risen remarkably and inappropriately, and cesarean delivery rates of up to 85% have been reported 1 . Assuming that there is an appropriate cesarean delivery rate, it should be based on an outcome-centered approach. A lower limit range from a minimum of 1% to an optimum target of 5% has been recommended to avoid death and severe maternal morbidity [16] [17] [18] . These figures are good estimates based on complication rates in the mother 16, 17 and on historical data 5 , but it is still unknown whether these rates of intervention are enough to prevent avoidable perinatal morbidities. Two observational studies 5, 19 that included developing countries assessed the association between the caesarean delivery rate and mortality and morbidity in mothers and neonates. Both studies recorded no reductions in maternal and neonatal mortality and morbidity when the cesarean delivery rate was more than 15%. Moreover, an increased rate of intervention was associated with higher mortality and morbidity in mothers and neonates 19 . These observations seem to confirm the most recommended figure of 15%, suggested by the WHO in 1985 6 . Nevertheless, both studies investigated maternal and perinatal mortality while major neonatal morbidities that were examined in the current study were not investigated.
Li et al. compared perinatal outcomes in high income countries in 1996 and 1997 among obstetric practices with low (less than 18%), medium (18-27%), and high (above 27%) cesarean delivery rates. Perinatal mortality rates were comparable among the three groups. A small but significant increase in intracranial hemorrhage was observed among infants delivered by low-rate physicians (CDR less than 18%) compared with those delivered by medium and high-rate physicians 20 . Althabe et al. reported no association between cesarean delivery rates in medium and high income countries and maternal or neonatal mortality. For that reason, the authors called for good quality research to assess the effect of the high figures of cesarean delivery rates on maternal and neonatal morbidity 5 .
Limitations of this study are those inherent in the use of retrospective databases and the use of ICD-9 codes. Prenatal and intrapartum complications may not be accurately recorded. However, inaccuracies in the current study were minimized by use of multiple sources for identifying specific maternal and neonatal outcomes when possible, and by manual validation of individual medical files. Additionally, several factors may influence the cesarean delivery rate and affect the incidence of major maternal and neonatal morbidities. For that reason, the change in the cesarean delivery rate occurring in the last 20 years may not solely explain the changes in the occurrence of major maternal and neonatal morbidities. The cesarean delivery rate of 15% suggested by the WHO 6 is considered the best known recommended upper limit 7 . However, this rate is driven from low income countries and may not be applicable in contemporary obstetric practice in high income countries. According to the current study a rate of 20% may still provide additional beneficial effect on major perinatal morbidities without a significant increase in the incidence of placenta accreta.
Methods
A retrospective population-based cohort study conducted at a single university teaching hospital between January 1993 and December 2012. Data was obtained from the hospital discharge register with the International Classification of Diseases, Ninth Revision, and Clinical Modification codes crosschecked with the labor electronic medical records. Data that was collected included the number of deliveries occurring during the study period, cesarean deliveries, and major neonatal and maternal morbidities. Cesarean deliveries were further stratified to elective and non-elective. Major neonatal morbidities that were considered included brachial plexus injury and neonatal encephalopathy. Major maternal morbidities that were considered included placenta accreta, blood transfusion indicated for peripartum hemorrhage, and cesarean hysterectomy. Reasons for cesarean hysterectomy were then reviewed and categorized as to whether they were performed due to placenta accreta. Obstetricians on duty made the decision on performing a cesarean section. Decision for cesarean hysterectomy at our institution was made after consultation (antepartum or intra-operatively) with one (or more) of the senior obstetricians that are available 24/7. In order to minimize bias, medical files of cases identified with major morbidity were manually checked and validated.
The diagnosis of both brachial plexus injury and neonatal encephalopathy were made before neonatal discharge by the neonatologists. Any upper-arm weakness (paresis) or paralysis was categorized as a brachial plexus injury and included in the analysis. The diagnosis of encephalopathy was based on neurologic exam. The clinical criteria for the diagnosis of encephalopathy included level of consciousness, muscle tone, tendon reflexes, presence of myoclonus and seizures, complex reflexes, and autonomic function 21 . The diagnosis of placenta accreta was made by histology in cases where cesarean hysterectomy was performed or according to the surgeon's judgment when parts of the placenta were heavily attached and left in situ.
Inclusion criteria were all pregnant women who gave birth at our institution at a gestational age of 23 weeks or more.
Using the above database, the rate of cesarean deliveries was obtained for all births per year and the trend in the annual rate was then calculated. The rates of major maternal and neonatal morbidities were also calculated for each year and trends were then determined.
Primary outcome was to explore the association between the trend of cesarean delivery rate during the last two decades and the occurrence of major neonatal morbidities. The study protocol was approved by the local Institutional Review Board.
Statistical analysis. The statistical analysis was performed using SAS 9.2 software (SAS Institute Inc., Cary, NC, USA). Trend analysis was performed using the Cochran-Armitage Trend Test. Significant trend was considered when p-value < 0.05.
Logistic regression analysis was used to estimate the odds for brachial plexus injury during the study period and a maternal composite morbidity that included placenta accreta, blood transfusion, and cesarean hysterectomy. Maternal age, maternal country of birth (Israel versus other countries), diabetes (gestational or pre-gestational versus none), mode of delivery (cesarean versus vaginal delivery), number of fetuses (singleton versus multiple gestation), and year of birth were entered as covariates. Odds ratios and the 95% confidence intervals were calculated.
The sample size during a period of 20 years was sufficient to show a 50% reduction in the incidence of brachial plexus injury (from an expected rate of 0.4 to 0.2%) with a level of significance of 95% (α = 0.05) and a power of 80% (β = 0.2).
